We report the results of the monitoring campaign of the transient X-ray pulsar SMC X-2 performed with the Swift/ XRT telescope over the period of 2015 September-2016 January during the Type II outburst. During this event, the bolometric luminosity of the source ranged from ;10 39 down to several×10 34 ergs −1 . Moreover, we discovered its dramatic drop by a factor of more than 100 below the limiting value of L 4 10 lim 36 ergs −1 , which can be interpreted as a transition to the propeller regime. These measurements make SMC X-2 the sixth pulsating X-ray source where such a transition is observed and allow us to estimate the magnetic field of the neutron star in the system B;3×10 12 G, which is in agreement with independent results of the spectral analysis.
INTRODUCTION
The Small Magellanic Cloud (SMC) is a Milky Way satellite situated at the distance of  d 62 kpc (Haschke et al. 2012 ). This galaxy is extremely rich in Be X-ray binary systems, harboring a neutron star orbiting around an OBe companion (see a recent review by Coe & Kirk 2015 , and references therein). SMC X-2 was discovered at an early stage of SMC study (Clark et al. 1978) during the Type II outburst, with an X-ray luminosity in the 2-11 keV energy band of about 10 38 ergs −1 . The pulsating nature of the source was established during the second registered outburst, when pulsations with a period of  P 2.37 spin s were detected by the RXTE observatory from the sky region around SMC X-2 (Corbet et al. 2001 ) and were later confirmed using the ASCA data (Yokogawa et al. 2001) . The pulsar magnetic field was not known until now, but some data hint at the cyclotron line detection in the SMC X-2 spectrum near ∼27 keV, which was recently reported by Jaisawal & Naik (2016) .
The optical counterpart of SMC X-2 was not unambiguously identified for quite a long time because two different stars of an early spectral type are located near the X-ray position of the source with the angular separation of only 2 5. Only recent monitoring observations by the OGLE experiment revealed a variability of one of these stars with a period of =  P 18.62 0.02 orb days (Schurch et al. 2011) , which is in agreement with periodical variations of the pulse period detected by the RXTE and Swift observatories at  P 18.4 orb days (Townsend et al. 2011; La Palombara et al. 2016) . This periodicity was interpreted as an orbital period in the system that, in combination with the pulse period of  P 2.37 s spin , places SMC X-2 in the Be-system region in the Corbet diagram (Corbet 1986) .
The transient nature of a majority of Be systems is ideally suited for studying the magnetic field, for investigating luminosity-dependent accretion processes and the geometry of the system, as well as for learning about the interaction of the accreted matter with the neutron star magnetosphere (see Negueruela 1998; Reig 2011; Poutanen et al. 2013; Walter et al. 2015 for reviews and current physical models). One of the most interesting and straightforward manifestations of such an interaction is the transition of the accreting neutron star to the so-called propeller regime. The physical aspects of this regime were considered by Illarionov & Sunyaev (1975) , who showed that under some conditions the accreted matter can be stopped by the centrifugal barrier set-up by the rapidly rotating magnetosphere of the strongly magnetized neutron star. This should lead to a dramatic drop of the X-ray intensity of the source. The moment of transition from the normal accretion regime to the propeller one depends on a combination of three physical parameters of the system-the pulse period, the magnetic moment (or magnetic field strength) of the neutron star, and the accretion rate. Because the pulse period and the accretion rate can be derived from observations, the detection of the propeller effect provides us with an independent estimation of the neutron star magnetic field. This knowledge is very important, as the magnetic field is one of the fundamental parameters governing observed properties of neutron stars.
Until recently, only a few cases of possible transitions into the propeller regime in accreting millisecond and X-ray pulsars were reported (Stella et al. 1986; Cui 1997; Campana et al. 2001 Campana et al. , 2008 . Recently, the propeller effect was also discovered in the first pulsating ultra-luminous X-ray source M82 X-2 (Tsygankov et al. 2016b ). This discovery initiated a special monitoring program of transient X-ray pulsars with the Swift/ XRT telescope, which searches for the propeller effect in other sources. First results of this program were published by Tsygankov et al. (2016a) for two well-known transient X-ray pulsars, V 0332+53 and 4U 0115+634, where the propeller effect was firmly established.
In this paper, we report a discovery of the propeller effect and the consequent determination of the magnetic field strength in another transient X-ray pulsar SMC X-2.
2. DATA ANALYSIS SMC X-2 entered into a new outburst at the end of 2015 September and immediately started to be monitored with the Swift/XRT telescope (Kennea et al. 2015 Timing (WT) and Photon Counting (PC) modes, depending on the source brightness. Final products (the spectrum in each observation) were prepared using online tools provided by the UK Swift Science Data Centre (Evans et al. 2009 ). 5 The spectra were grouped to have at least 1 count per bin and were fitted in the XSPEC package using the Cash statistic (Cash 1979) . To avoid any problems caused by the calibration uncertainties at low energies, 6 we restricted our spectral analysis to the 0.7-10 keV band.
The obtained spectra in the source's high state can be wellfitted with a simple power-law model, which was modified by the interstellar absorption at low energies in the form of the PHABS model in the XSPEC package. We found that the hydrogen column density agrees well with the interstellar one in this direction. Therefore, in the following analysis, it was fixed at =Ń 3.4 10 Kalberla et al. 2005) . To calculate the unabsorbed source flux, the CFLUX routine from the XSPEC package was used. In the low state, the source was not detected in any single observation. Therefore we averaged them into two groups, according to the observational dates. The first group includes observations performed during the second half of 2015 December (three observations), just after the expected transition to the propeller regime. The second group includes observations performed in 2016 January (11 observations). Again, the source was not detected in either group, and only upper limits to its flux were obtained based on the XRT sensitivity curve (Burrows et al. 2005) . The log of Swift/XRT observations, including the time of observations, exposure, mode, and unabsorbed flux (or upper limits), is presented in Table 1 . SMC X-2 has been observed several times with the NuSTAR observatory, which allowed us to reconstruct its broadband spectrum in the 3-79 keV energy band for different luminosity levels and allowed us to obtain the bolometric correction of the flux observed by XRT in the 0.5-10 keV energy band to the flux in the 0.5-100 keV energy band that can be considered as bolometric. The analysis of the broadband spectrum of SMC X-2 was presented by Jaisawal & Naik (2016) , therefore we will not discuss it in detail. Here we only would like to mention that it can be well described by the CUTOFF model, with the inclusion of the thermal blackbody component with the temperature of 1 keV and the cyclotron absorption line at the energies of 28-30 keV. Note that the latter demonstrates a negative correlation with the source luminosity (see also Jaisawal & Naik 2016), similar to that observed in several other bright X-ray transient pulsars-4U 0115+63 (Nakajima et al. 2006; Tsygankov et al. 2007 ) and V 0332+53 (Tsygankov et al. 2010) . The ratio of fluxes in the 0.5-100 and 0.5-10 keV energy bands also depends on the luminosity and lies in the range 2.2-2.8. Thus, for the following estimations, we used the averaged value of 2.5. All luminosities discussed below were corrected for the absorption as well.
The bolometric luminosity of SMC X-2, corrected for the absorption, is presented in Figure 1 . There are (at least) three interesting features in this light curve.
1. The maximum luminosity is about 10 39 ergs −1 , which exceeds the standard Eddington limit for the neutron star by a factor of five. This implies that at such a high accretion rate, the accretion column should be formed at Luminosity is calculated from the unabsorbed flux derived from Swift/XRT data under the assumption of the distance d=62 kpc and a bolometric correction factor of 2.5 (see Section 2). Two upper limits were obtained by averaging 3 and 11 observations, respectively, with very low count statistics (note that all of them were performed in the PC mode). The solid green line illustrates the flux decay law right before the transition to the propeller regime and was obtained by fitting the light curve with a Gaussian function (see, e.g., Campana et al. 2014) . The horizontal dashed line shows the approximate limiting luminosity when the propeller regime sets in.
2. The decay of the light curve is nearly exponential during the first two months of the outburst (excluding the last dozen days). 3. There is a dramatic drop (by a factor of more than 100) of the source luminosity on MJD 57370 at around  L 4 1 10 lim 36 ( ) ergs −1 (see the red dashed line). Note that there is a time gap (about four days) between the last observation when the source was significantly detected and the next one when the source was not detected already (see Table 1 ). Therefore, we take the limiting luminosity as the average luminosity between the last significant measurement and an extrapolation of our fit (see Gaussian in Figure 1 ) to the time of the next observation where the source was not detected. The uncertainty corresponds to the difference between that luminosity and the measured or extrapolated luminosities. This drastic change of the source luminosity is most likely related to its transition to the propeller regime.
Below we briefly discuss this effect and estimate physical parameters of the system SMC X-2, in particular the magnetic field strength of the neutron star.
ESTIMATE OF THE MAGNETIC FIELD
The main idea behind the propeller effect is that the accretion of matter onto a strongly magnetized neutron star is only possible if the velocity of the magnetic field lines is lower than the local Keplerian velocity at the magnetospheric radius (R m ). This condition is only fulfilled in the case where the magnetospheric radius is smaller than the co-rotation radius (R c ). Because of the dependence of the magnetospheric radius on the mass accretion rate and magnetic field strength, one can link the latter to the limiting luminosity, which corresponds to the onset of the propeller regime by equating the co-rotation and magnetospheric radii (Campana et al. 2002 , P is the pulsar's rotational period in seconds, and B 12 is the magnetic field strength in units of 10 12 G on the neutron star surface under an assumption of the dipole configuration of the magnetic field. The factor k relates the magnetospheric radius in the case of disk accretion to the Alfvén radius calculated for spherical accretion ( =Ŕ k R m A ) and is usually assumed to be k=0.5 (Ghosh & Lamb 1978) .
Following from Equation (1), a detection of the transition of the pulsar to the propeller regime and the measurement of the corresponding limiting luminosity L lim can be used to estimate the neutron star magnetic field. The validity of such an approach was recently proven by Tsygankov et al. (2016a) , who compared several X-ray pulsars' magnetic field strengths obtained with this method to independently-determined values in an extremely wide range of magnetic fields, from 10 8 to 10 14 G (see Figure 2 ). For the standard parameters of a neutron star where =  M M 1.4 , R=10km, and k=0.5, the measured limiting luminosity of L 4 10 lim 36 ergs −1 corresponds to the magnetic field strength = B 3.0 0.4 10 12 ( ) G. Based on these estimations, we can predict that the cyclotron line should be observed in SMC X-2 at around 25keV. This is in agreement with the independent measurement by the NuSTAR observatory (see above and Jaisawal & Naik 2016).
CONCLUSION
In this paper we have reported the discovery of the propeller effect in the bright transient X-ray pulsar SMC X-2. The dramatic drop of the source luminosity (by a factor of more than 100) on the timescale of a few days was revealed thanks to the monitoring campaign with the Swift/XRT telescope, which was organized during the Type II outburst registered from the source from 2015 September-2016 January. The luminosity drop occurred near the luminosity of L 4 10 lim 36 ergs −1 . Based on this measurement, we estimated the magnetic field strength of the neutron star in the SMC X-2 binary system as B;3×10 12 G, which is typical for X-ray pulsars (see, e.g., a recent review by Walter et al. 2015) and confirmed independently by the results of the spectral analysis. Thus our discovery makes SMC X-2 the sixth known pulsating X-ray source where the propeller effect was observed.
